construction could be used mineral, organic or anthropogenic soil.
A scientific and industrial consortium came together to develop a Computer System for Monitoring River Embankment (ISMOP) project with the aim of carrying out research related to a complex system for monitoring embankments and forecasting development of failure. The research includes, among others, continuous collection of data that is measured, optimized data transmission, interpretation and analysis of collected data with the use of numerical simulation and reporting of the visualized results to the appropriate authorities.
The general information about the project was presented by J. Stanisz et al. [2015] in the publication named ISMOP Project (IT system of levee monitoring) as an example of an integrated monitoring of the levee. Additional information can be found in the publication of Chuchro et al. [2016] and on the ISMOP webpage.
As an important part of the project was building the real-size flood embankment in Czernichow, near Krakow. Experimental flood embankment was built with two parallel sections with a length of 150 m and a height of 4.5 m, connected by meandering, creating a reservoir that can be filled with water ( Fig. 1 ). For the construction of the embankment, different types of soils were used in five sections.
Inside the flood embankment, 1300 temperature sensors, 40 pore pressure sensors, 18 piezometers (sensor EPKO 4, Budokop, www.budokop.com), 6 vertical displacement sensors (sensor from NeoStrain, type 4800, www.neostrain.pl) and 6 inclinometers were placed. Fibre optic strands (1200 m in length) capable of measuring the temperature of the flood embankment on the upstream side were also inserted inside the embankment. More information about sensors used in the embankment are presented in Stanisz et al. [2014] . Additionally, measurement of weather conditions in the two meteorological stations were made. Apart from the measurement system installed permanently, additional measurements such as surface monitoring using geodetic grid for the registration of vertical displacement and deformations, based on the classical method will be carried out (TC, GPS). Additionally, measurements were made using terrestrial long-distance interferometer radar (Image By Interferometric Survey-IBIS-L) and thermography camera (FLIR T620) [Stanisz et al. 2014] .
The main aim of the article is presenting the details of the ISMOP project. The research methodology is also presented, allowing a comprehensive assessment of the stability state of the flood embankment together with visualization of the obtained results.
Using the presented method, an assessment of the stability state of the embankment at the current time and with the future state of the embankment with a certain amount of probability can be performed. The assessment of stability state is done using the time series analysis of two parameters: the water pore pressure and temperature. Information from other measured parameters such as, for example, weather conditions are used in the analysis.
MEtHodoLoGY
One of the tasks of the ISMOP project was to create a module for assessing the state of the flood embankment expressed in terms of normal, abnormal behaviour and failure. The proposed research method of data interpretation is a method based on the analysis and comparison data from the sensors with the previously created numerical models (model-driven method).
Additionally, an analysis of anomalies detection for pore pressure and temperature sensors is performed in the model. The analysis is performed for each sensor in a section separately. Stability evaluation is performed for each sensor and then expanded to cross-section and across the whole flood embankment. The general course of the assessment of flood embankment stability is presented in the scheme below and will be discussed further in this article (Fig. 2.) [Habrat et al. 2015] .
a. Sensors
The experimental embankment is built making use of two parallel levees with a length of 150 m connected with curves at the north and south directions. A reservoir was created in the construction of the embankment using which a simulation of the impact of high water level can be done on the embankment during floods. So the embankment forms a reservoir, which can be filled with water.
A high inflow of water can be used to simulate flood.
The embankment is made of five types of soils characterised by variable filtration coefficients in the range 10 -5 m/s to 10 -8 m/s [Borecka et al. 2017] . The slopes on the western embankment are symmetrical in the eastern embankment water, the side slope is less inclined than the air-side slope. Western embankment is entirely built using one type of material (filtration coefficient 10 -7 m/s), whereas the eastern embankment was built using three types of material (Fig. 3b) . The bends of the embankment are built from the least permeable material (filtration coefficient 10 -8 m/s).
Inside the embankment, the reference sensor network is mounted An additionally mounted test network of over a thousand temperature sensors is located in 74 cross-sections (Fig. 3a ,c,e, blue lines). These sensors are located in the cross-section at various depths, with fourteen sensors in each cross-section ( Fig.   3d ). Figure 3e shows the locations of sensors in different sectors.
The red lines correspond to reference cross-sections, and the blue lines correspond to additional measurement test sections.
The blue dots show temperature points and pore pressure measurements. The red dots show points of temperature measurement on the optical fi bre. The measurement is in every metre along the fi ber.
b. numerical modelling
Numerical modelling is carried out simultaneously with the real experiments of the fl ooding process. They are primarily used to investigate the effect of the assumed fl ooding wave scenario in the embankment area when there are no sensors. They are also used to simulate tests of the physical phenomena occurring in the embankments during the fl ooding process in conditions other than those existing at present. Finally, they allow for multiple simulations of the process, such as destruction of the embankment, which in real experiment may happen only once.
Numerical modelling is carried out using the FLAC 2D software [Itasca Consulting Group, 2011 ] for 2D horizontal cross-section set across the experimental fl ood embankment. In Figure 4 , the location of all three profi les together with geometry, geology and location of sensors is presented. All three cross-sections are perpendicular to the embankment axis so they have the same Table 1 .
c. Example of the numerical modelling results
Fully coupled thermal-fl ow mechanical simulations were conducted. The combination of all processes required a restrictive assumption for the adopted computational grid at each time step.
The numerical stability of the calculation was achieved only for An important factor that has been analysed in the process of the validation of numerical modelling was the problem of nonzero saturation in the experimental embankment [Dwornik, et al. 2017] . Saturation was examined as related to the consecutive flood waves and external conditions such as snow, rain and temperature changes. 
d. Failure detection
Usually data-driven (model-free methods) and model-based (numerical or physical modelling) approaches are applied in order to detect failure development or flood embankment stability loss [Pyayt et al. 2015] . Both these methods are used in the ISMOP project. Detailed descriptions of the modules can be found in works of Chuchro et al. [2014 Chuchro et al. [ , 2016 and Habrat et al. [2015] .
Analysis of the model-driven module is based on a comparison of data coming from one of the cross-sections (the 100 newest observations) in flood embankment with data from numerical 
concLuSIonS
The article presents a comprehensive method for assessing the 
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